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(54) [Title of the invention] 
Four cycle engine 
(57) [Abstract] 
[Objective] 

To increase output and reduce fuel consumption by setting the compression ratio higher 
and suppressing the generation of knocking. 

[Construction] 

Set the compression ratio to be a high value with good fuel efficiency and set the variable 
mechanism 8 to change the open/shut period in the air intake camshaft 2. The control 
unit 9 which changes the shut period of the air intake valve at the time of low rpm and 
high load is connected to the variable mechanism 8. At the time of low rpm and high 
load, the open/shut timing of the air intake valve is changed, delaying the initial 
compression timing, and lowering the compression ratio. This enables the suppression of 
knocking, and sets the compression ratio to be high, thereby enabling the compression 



ratio to be set high and in addition to obtaining high output, the fuel consumption 
lowered. 




? 



9 control unit; 9a map; 10 rpm sensor; 1 lair flow meter 



[Scope of patent claims] 



[Claim 1] 

A 4 cycle engin e characterized by the fact that, in a 4 cycle engine in which the air 
intake valve and the exhaust valve are open and shut by separate valve movement 
mechanisms, a variable mechanism is provided which, in addition to setting the 
engine compression ratio at a high value with good thermal efficiency, the open/shut 
period of the air intake valve is changed in the valve movement mechanism which 
opens and shuts the air intake valve, and a control device is attached which changes 
the air intake valve closed valve timing corresponding to the degree of knocking. 

[Detailed Explanation of the Invention] 

[0001] 

[Industrial Applications] 

The present invention relates to a 4 cycle engine which is opened and closed when the 
air intake valve is opened and shut by a separate movable valve mechanism from that 
of the exhaust valve, and particularly relates to a device which lowers the 
compression ratio at the time of low rpm and high load, thereby suppressing knocking. 

[0002] 

[Prior Art Technology] 

In achieving improved output and improved fuel consumption with a 4 cycle engine, 
it is desirable to make the compression ratio to be as high as possible. In doing so, 
since knocking easily occurs there is also a limit to achieving a high compression 
ratio. When the engine load is small, from the standpoint that when the engine load is 
small, the amount of air taken into the cylinder is small, and the effective pressure is 
small, it is difficult for knocking to occur even if the compression ratio is made high. 
However, since the filling efficiency of the air at the time of high load becomes 
higher, knocking more easily occurs when the compression ratio is set to be higher. 

[0003] 

Even when there is a high load, knocking is easily produced at the time of low rpm 
when the gas flow within the cylinder is small relative to the time of high rotation, 
such as when it is agitated by a turbulent flow generated by a strong air mixture even 
when there is a high load. 



[0004] 



Conventional 4 cycle engines have been set to a compression ratio in which knocking 
was not generated at the time of low rpm and high load. Also, when knocking was 
produced, it was detected by a knocking sensor, and the ignition timing was retarded 
so as to make it difficult for knocking to occur. 

[0005] 

[Problems Overcome by the Invention] 

However, in setting the compression ratio to be high, as indicated above, to a value at 
which there is no generated knocking at low rpm and high load, there has been a 
limit to the improvement of engine output and fuel consumption. Moreover, if the 
ignition timing is delayed at the time of knocking, there is also a reduction of torque. 

[0006] 

It is an objective of the present invention to overcome such problems, and to achieve 
high output and low fuel consumption by providing a high compression ratio and 
suppressing knocking. 

[0007] 

[Problem Resolution Means] 

The 4 cycle engine relating to the present invention, in addition to setting the 
compression ratio to a high value with good thermal efficiency, a variable mechanism 
is provided which changes the open/shut timing of the air intake valves in the valve 
movement mechanism, and a control device is connected to the variable mechanism, 
which changes the closed valve timing of the air intake valve corresponding to the 
degree of knocking. 

[0008] 

(Operation) 

Under driving conditions (low rpm high load) in which knocking more easily occurs, 
if the closed valve timing of the air intake valve is greatly retarded, delaying 
commencement of the compression process, the compression ratio is substantially 
reduced by lowering the (air) filling efficiency. Owing to this, at the time of low rpm 
high load, fuel combustion occurs with an actual compression ratio roughly the same 
as occurred conventionally, but knocking is suppressed. Under other driving 
conditions fuel combustion occurs at a higher compression ratio by controlling the 
initial valve timing of the air intake valve corresponding to the extent of knocking. 



[0009] 



(Embodiment) 



A detailed explanation of an embodiment of the present invention is provided 
hereafter, with reference to Figures 1 to 3. Figure 1 is a plane surface diagram which 
shows an enlargement of the essential elements of the 4 cycle engine shown in Figure 
1 . Figure 2 is a diagram which shows the open/shut timing of the air intake valve and 
air exhaust valve, in which (a) of the same drawing shows the state in which the 
variable mechanism is not operating, in which (b) of the same drawing shows the 
state in which the period of closure of the air intake valve is a delayed angle of 20°, 
and in which (c) of the same drawing shows the state in which the period of the 
closure of the air intake valve is a delayed angle of 40°. Figure 3 is a map of the 
amount of angular delay of the air intake valve timing. 

[0010] 

In the drawings, no. 1 represents the 4 cycle engine relating to the present invention, 
in which the engine 1 is a so-called dual camshaft engine in which the air intake valve 
(un-shown) and the exhaust air valve (un-shown) are open and shut by separate 
camshafts. In addition, the compression ratio of the engine 1 is set to a relatively high 
value relative to that of a conventional engine. Specifically, it is set to a high value at 
which knocking easily occurs at low rpm and high load. Practically speaking, this is 
a ratio of 1 1 .5 or greater. 

[0011] 

No. 2 represents and air intake camshaft which opens and shuts the air intake valve. 
No. 3 is an air exhaust camshaft which opens and shuts the air exhaust valve. These 
cam axes are respectively supported in the cylinder head la by bearing 4 so as to 
respectively freely rotate, and the pulley teeth 5 and 6 formed in the axis end are 
coupled to a crankshaft (un-shown) through an un-shown timing belt. 

[0012] 

The air intake camshaft 2 is constructed so as to open and shut 3 air intake valves for 
each 1 air cylinder, and the air exhaust camshaft 3 is constructed so as to open and 
shut 2 air exhaust valves for each 1 air cylinder. No. 2a in Figure 1 is a cam formed 
on air intake camshaft 2, and 3a is a cam formed on air exhaust camshaft 3. The 
valve movement device of engine 1 is of conventionally known construction in which 
the cams 2a and 3 a lifters presses the air intake valve or the air exhaust valve through 
lifters (un-shown). In addition, no. 7 shows the position of the combustion chamber 
of engine 1 and 7a shows the position of the ignition plug. 

[0013] 

To the shaft end of the air intake camshaft 2 is attached a variable mechanism 8 
which changes the rotating position of the cam 2a relative to the rotating position of 



the pulley teeth 5. The variable mechanism 8 is constructed so as to change the ope 
shut timing of the air intake valve, continuously changing the rotational position of 
the air intake camshaft 2 relative to the pulley teeth 5. 

[0014] 

No. 9 is a control unit for controlling the variable mechanism 8. The control unit 9 is 
connected to a tachometer 10 which detects the rpm of the engine 1, and to an air 
flow meter 1 1 which detects the amount of in-taken air, and is constructed so as to 
determine the amount of retardation of the air intake valve caused by the variable 
mechanism based on a map 9a divided between the engine rpm and the average 
effective pressure. 

[0015] 

The map 9a is constructed as shown in Figure 3, and obtains, as the crank angle, the 
amount of retardation of the intake valve closed timing from the knock frequency 
relative to the engine rpm and average effective pressure. The average effective 
pressure of the vertical axis is obtained from the output of the air flow meter 1 1 . In 
other words, the variable mechanism 8 is controlled so that the retardation is 
gradually increased as the engine rpm becomes smaller, or as the amount of in-taken 
air becomes greater. Moreover, no. 1 2 in Figure 1 is a rotation angle sensor, 
constructed so that the passage through a protrusion 13 attached to the variable 
mechanism 8 is electrically or magnetically detected. 

[0016] 

With the cycle engine thus constructed, there is no control of the variable mechanism 
8 at the time of low rpm and high load, and combustion is accomplished with a high 
actual pressure ratio. At this time, the open/shut timing of the air intake valve and the 
air exhaust valve is as shown in Figure 2a. In Figure 2, EX shows he opening and 
shutting of the air exhaust valve, and IN opening and shutting the air intake valve. In 
addition, TDC shows when the piston is at top dead center. The open/shut timing of 
the air intake valve and the air exhaust valve shown in 2a is set to be roughly 
equivalent to the conventional open/shut timing when the engine is at high rpm and 
high load. In other words, at the completion time of the exhaust process prior to 
when the air exhaust valve is closed, and prior to when the piston rises to the top dead 
center point and the air intake valve is open. In addition, the air intake valve closes 
after the piston passes top dead center and enters the compression process. 

[0017] 

Also, if the engine reaches a state in which the engine rpm becomes smaller than the 
control initial rpm, and the throttle degree of opening becomes greater than a control 
commencement state, then the control unit 9 magnetically excites the magnetic 
solenoid 20, and the open/shut timing of the air intake valve is controlled to be 



retarded. The retardation control is read out from the map 9a, and retardation control 
is accomplished of the retardation amount corresponding to the engine rpm and the 
degree of throttle opening accomplished by the control unit. For example, if the 
retardation is 20°, the open timing and the shut timing of the air intake valve as 
shown by (b) of Figure 2, in which the time has slipped 20° from that shown in (a) of 
the same Figure. 

[0018] 

In other words, the air intake valve opens after the piston commences its drop from 
top dead center, and closes after the piston has risen roughly half way. At this time, 
the timing of the commencement of compression is further delayed, and the actual 
compression ratio is further reduced. 

[0019] 

In addition, if the retardation is 40°, it slips a further 20° from the state shown in 
Figure 2(b) to that shown in (c) of the same figure. At this time, the timing of the 
commencement of compression is further delayed, and the actual compression ratio is 
further reduced. 

[0020] 

In other words, even if the compression ratio of the engine 1 is set to a value at which 
knocking is easily produced, the actual compression ratio becomes substantially 
smaller. Owing to this, when knocking more easily occurs at the time of low rpm and 
high load, combustion occurs at an actual compression ratio which is roughly the 
same as that which conventionally occurs, and knocking is suppressed, and at times 
of other than low rpm and high load, combustion is accomplished at a high actual 
combustion ratio by being controlled to an appropriate valve timing. 

[0021] 

In addition, in the present embodiment, after the open timing of the air intake valve is 
also delayed, valve overlap is either reduced or eliminated altogether. In other words, 
even by this means, (air) filling efficiency is reduced, making it difficult for knocking 
to occur. 

[0022] 

In addition, in the present embodiment, an example is given in which use is made of 
the amount of in-taken air in detecting the load of the engine 1 . However, use may 
also be made of a throttle opening sensor in lieu of air flow meter, which detects the 
degree of throttle opening. 



[0023] 



[Efficacy of the Invention] 

As explained above, the 4 cycle engine relating to the present invention is provided 
with a variable mechanism which, in addition to setting the compression ratio to a 
value which has good thermal efficiency, changes the open/shut timing of the air 
intake valve in the valve movement mechanism. Since a control device is connected 
to the variable mechanism, which changes the close timing of the air intake valve 
corresponding to the engine rpm and load, under driving conditions in which 
knocking more easily more easily occurs, if the closed valve timing of the air intake 
valve is greatly retarded, delaying commencement of the compression process, the 
compression ratio is substantially reduced by lowering the (air) filling efficiency. 
Owing to this, at the time of low rpm/high load, fuel combustion occurs with an 
actual compression ratio roughly the same as occurred conventionally, but knocking 
is suppressed. Under other driving conditions fuel combustion occurs at a higher 
compression ratio by controlling the close timing of the air intake valve 
corresponding to the extent of knocking. 

[0024] 

Furthermore, appropriate air intake valve timing can be selected corresponding to the 
extent of knocking, enabling combustion at a high appropriate actual compression 
ratio. Since there is no need to delay the ignition timing to control the knocking, fuel 
consumption can be reduced while obtaining high output. 

[Brief Description of Drawings] 

Figure 1 is a plane surface diagram showing an enlargement of the essential elements 
of the 4 cycle engine relating to the present invention. 

Figure 2 is a diagram which shows the open/shut timing of the air intake valve and air 
exhaust valve, in which (a) shows the state of when the variable mechanism is not 
operating, where (b) of the same Figure shows the state in which there is a 20° delay 
and (c) of the same Figure shows a 40° delay in the closed valve timing of the air 
intake valve. 

Figure 3 is a map of the amount of the air intake valve timing retardation. 
Explanation of labels 

2 air intake camshaft 

8 variable mechanism 

9 control unit 
9a map 

10 tachometer 

11 air flow meter 
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Fig 1 : 9 control unit; 9a map; 10 rpm sensor; 1 lair flow meter 
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Fig.3 

Top Map of amount of valve timing retardation (crank angle) 

Left: Average efficient pressure (kg/cm ) 
Bottom: Engine rpm 



